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Abstract

A perics of experlmenis, employiag o litermate coatrol design, was' PRexe
iormed with rats of tae Cewlicley 8 1 strain to answer three questions: (a) What
srain ciiects will be produced by more siringeat impoverishmcnt than was employed
in fovmer expeciments? () Wil_l housing animals in pairs in an impoverished
envirearacat proiect them from the usual cerebral consequénces of isolation in aa
impoveriched enviroument? {c) Is an impoverished eavironment, with or witiout
isolation, a stressor? Two hundred and sixty-five animais were a'ssi;_med among
fvur conditons: Environmeatal complexity and tralaiug, social control, isolatcd in
citreme impoverishment, or paired in extreme impoverishiment, Some of the
largest dlifereaces amony groups occurred in the ratio of 'cimolinesterase to 3(.‘;@1’}1"
chiolinesterase setivity in the cortex. The results demonstrate that (a) the mozre
restricted iz the eavironment, the greater the changes in brain chemistry and
anatomy, (b) pairing anlwmals did not protect them from developing cerebral
changes similar to those of animals lsolated in impoverishment, and (¢) there

were no indicatlons that isolation ox impoverishment are stressors.

dndexing terms:  Acetylcholinesterase, Adrenal gland weight, Lrain anatoray,
- Brain chemistry, Brain weight, Cerebral cortex, Cholinesterase,
Early experlence, {lexokinase, Isolation Stress, Sx strain of -

rats, Somestlictic cortex, Visual cortex,



ey dicy were perinitted cxploration ia a field with barriers, aad fiom Gie age of

La parevious ciporiaats we heve udha coasisient aad signil.cuat Cife
fesences i brsin auatoimny and chomuo@Qy botwveon rats raised ia grou s in
apericadially cariched envirouients ang iciv Likermates raised in isolation
i lmgoverished mxviréuments. e maia anctomical differonces ave bedn i
wedsit of cexcbral tissue, depth of cerebral corten and glial/neural ratio; e
seluciaal chicinical diiferences, in activiiies of acctylcholinesterase ad cliolin-
esterase (1,3,4). In thwe series of experiments reporied here we bha ¢ alicrapted
Lo cuswer three guesticas: (a) what brata effects will be prgduced b i
stringzent i’.’x‘.povcri&fm‘xeut thaa was elaploycd {u former experimenis () il
Gousiing calaals g foies in an impoverishcd cavicoaeut protecf e 100 die
usual cerebml cuasequences of living in isolatiou iu an impoverishcd cavi.one
wieat? {c) Can aa impoverished enviroament, with or without icolatica, e coa-
sf;dcmed as a siressor?

’ METHODS
Cehavioral Procodures

Tiie two exgerimeonts described here iu detail were coaducted at the Space
Scicuces Laboratery of tie University of Calilornia, In sddition we will Lave re-
cource ty Loth pubiished aad unpublishied data froxj'n a number of experiments done
i the Berkeiey peychological lavoratoricu,

For the Sgece Sciences experiments, littermate male rats of the Lexkeley
& i line were assigued W the followiny conditions at weaning (about 25 days of age)
and were kept tiere ior about 80 days: |

{a) CLuvircommental Comple;ft/y f‘_‘};d Traicing (ECT). Here the aunimals

were housed in groups of 11 or 12 ina large cage provided with "wys,” Baca

~




anGul ¢u Lays tiey were traiued i @ series ¢i vhuee aud visual discri nination
Jronlems.  ane 201 condition has been descaribed i Cetail previoust:y (7).

SC). ‘These animals weie boused three 0 i ca e under

—
I"\

W) Secial Countro
Gux standard colony couditions (7). Tae SC condition was ernnloyed i iijaiie=
ineat 2 wat not in Ixgerimaent l.

{c) Isolated in Extreme Iinpovericumicnt (IEI). These anlmal word indi-

vicually houscd under swingently impoverished conditions-=an {atens: licati .. of

our standaxd eaviroamcntaily impoverished condition, IEI animals wore imited

in their contact with the external environmemnt by a series of measuzcs: asi

aniraal was housed individually in a cage suspended in a box luxea witli giass wool

| padding 2.5 cm thick ¢ ad closed on all sides cucent tie front. The cases were
J (™

20 cm high, 20 ¢z wide, and 28 ¢ deep; the [usice dimeasicns of the padded
poxes were 46 cm hif;h. 3% em wide, and 69 cma deep. Each cage huag ¢ cm below
Gie paddiag at the wp of the box, and the fyont of the cage was 53 cm behing the
wront oi the box. The fvonts of the cages were opague, so the experlmeaters could
Lill the hopiers aud ivate Lottles without being seen by the vats, {(in our slandaic

isolation conditious, the cage doox had to be opened a few times a week to repleaish

die supply of peliets, and tie rat could sce die experimenter when the water botiles

were cnanged. ) The sides and bottoms of the IEl cages were made of Laxs, and
cieremsent dell 0 a pan which could be removed for cleaning without haadliag the

azimale The boxes were placed in 6 scund~insulated room (Industﬂal Acoustics
Co., Model 404-A Audiometric Room) which attenuates external noise by about

55 <b. The ambieat noise in the room was about 50 db re . 0002 dynes per 8q. ;m.‘
The room was Iigxt;ed by two 40-W bulbs ou a 12-hx, light - 12- hr. dark sch aule.

Temperature was maintained at 24° C * 2°,




[ &)

(1) Faired in Ixtreme Impoverishiment {PLI). This conditlon was tie came

as ¢ above excent that twe aalials, from differant likers, were placed in cach

Giet pellets) and water ad libidum, They were weiched about once a week. In Exe |
porliment I, lidternate animals wexe placed in condaions a, ¢, ard d in Jauuaxy,
1904; ia Ixperiment 2, littermates were placed iu all four c'londitions in Apxil, 1904,
Anatomical and Caemical Procedures: . |
At tie end of the 80-day behavioral nhase, all aﬁim’als were sacrifliecd under
code numbers giat did aot reveal their experimental treatment, The braias were
diszected intw five b&Xﬂ"ﬂ.Cb"ﬂuL&)} coriex, somesthetic cortex, remaluiny dorsal
coxiex, ventral cortm: and associated tlesue, and the rest of the bralu (sub~
cortex ). The meticds of dissection have been described ia detail grevicusiy

3) The sampies were weighed, frozen quickiy on dry lee and stored at -20%C

S o

-~

wr cuzyme enalysis, The adresal glands were removed and welghed at the same

Activitics of both acetylcholinesterase (AChE) and chollnesterase (Chi)
were measuczed, The analyses were doue colorinjietrlcauy, employing aéeqritlxio-
clhiollne as the substrate for AChE, For the Cak analyses, AChE activity was
Lidilolied by BW 284c3l, a specific iahibltor, and butyrylthiockollue was employed
as Uie subzirate. (A detailed description of the proecedures is available upon ve-

cucst from the authors, ) Hexokinase activity was also measured in L..:pcrlmc....

by a wethod described previously (2). | :
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Lrain Vieigits
iable 1 presents a sumuaary of Wie Leain weiZhit data. To couserve space,

i valucs foT each grou) are givea in termis of tie percentage diffcrer e bonweca

“le mean waght of tie greup ia question sud W maean welght of thie © tormne

we asial Sol-

Liii grouw, lec., 100 (X BCT - X2/ X iEl, Thus, ia weigit of

)

e mample, the carxcnw-em'i"'nmc.u. (ECT) proup cxceeded the i.,o. Led fiae

-

poverisiied (1E) group by 9. 37 (P < . 001} ia Laperiment 1 and by 8,07 (2+4.01)
i mrperiment 2 {or the two experimaits coicnlied, tie ciffercuce wus 8,85

(B <,001). (ile absoluie values on waich the perceatages qg‘Tame 1 2ad Uio sube-
segueat tables axe ba;zed can e obtlained from tic autliors, ) _

s
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insert Table 1 about here
In both eiperiments, the ECT group @icesded all other group. i iiin
welizat of ali brain sarapies, and most of tiese dilierences were stati.viceily alg-
nificant, The two inapoverished groups (FEI aud i) did uot differ sijuilicauily
iXgia cach et in any wegion, . '
‘Lue group liviag uuder colouy condltions (5C) ia Experiment £ had velzis
L the 11 than to these of the ECT group in most brain measures,

whie 5C Lrala weighis dilioved sigaificantly from the 1EI values only for veatral

corien (4. 00, P <.09), total cortex, (4.3%, P <.01)aud total brain (2,65, P <.05).

e greater brain weighits of die em'icucd animals in cowmparicon with their im-
SOverichied littermates cannot be explained ia terms of body welgit, as will be

suowa i tae {cliowing section,
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Terminal Dedy Weights

The dlmennate greups assigned to the different experimaental couditions

L~

h ]

wore atmost identieal in woight at the outset of cach expe ’iment, but at the end
die adovidually dm lohed group was the keaviest in both cxperiments, In the
seecond wperiment, e dificreaces were sizeable; moreover, e more compick
e enviroament, tie ..,_,Nu the terminal bedy welght, Overall, the lrapoverished
SEoupRs were about 8 hoavier than the eariched sroups (sce last row of Table 1),
Tais replicates findings that animals in our previous isolatjon condition (IC) wc;J:cd
avout 7% mwore han m ir ZCT lttermates, rresumably because ECT rats a:re morc. '
active wiile restricted-cavironment rats tend to be s\.dcq;ary 1). Qince thic im-.
poverighied.Tats have heavier badies but lighter braing ¢ .hzm'meb, curichied littexr-
mates, e cifflorences between groups would i iave been larger if we had preseated
brraln weighit pexr unit of hon weight rather than glving absolute welgats. |
Icolation Siress?

4 syndroine of "isolation stress” --including aggressiveness, caudal dermae

tilis, increased weight of adrenals and thyroid, lizater spicen and thymus, and iu-

crcased sensitivity 1o a poison, isoprotercaol--has been described for the rat by

Haxh ctals (). X was concluded that this syadrome "indicates an endocrinopathy

with hypexiuaction of the adrenal cortesx, Except for caging the animals sinzly,
riateh ot al. did not attemapt ©0 reduce their contact wimh the laborétory enviror.-
rent; therelore “social izolation” could be considered the cause of "isolation stress, "
Clier e "'umn aters have uat, however, found evidence of "lsolathn sxess” (O), |
¥e were unable to detect any signs of the "isolation stress” syadreme in the
oexikeley 8 i Steain. The IGI animals (which were more severely lsclated than those

of Hatch et al.) did aot become aggressive; whea weighed, they could bo pizied up

-
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casily with bare hmds; Nor did they develon caudal dermatitis. Sensitivity to
isoproterencl was not determined because this would have been incompatible with
the main purposes of the experiment. We did take one other measure that Hatch
¢t al, used 26 an indicator of stress, the weight of the adfenal glands.

As cau be scen in Table 1, the IEl animals developed significantly heavierl
adrenals than the ECTs--11,8% (P <.05). We doulbt, howeyer, that this canv be
taken as an indication of stre‘ss, for the following reaéons. Adrena} weight varies
with body weight (the average correlation being about .4 fof the six sub-groups
in the two experiments), ard the IEI animals weighed 8 9% more thaﬁ the ECT
animals (P <.001). If adrenal weight is expressed as a.ﬁ:action of body weight,
then the ECT-IEBI differcnces become nousignificant, The adrenal weights of thé
paired impoverished rats do not differ from those of. either the ECT or IEI grdups,
whether absolute or relative weights are taken, There is thus no evidehce that an ‘
impoverished envij;onment, ‘with or without isolation, causes the S1 strain to de=~
velop tie syndrome described by Hatch et al.

Acetylcholinesterase Activity

Differences in AChE activity per unit of tissue weight between the IEI group '.

and the other groups are given in Table 2, While the ECT animals exceeded their

Insert Table 2 about here
1ET littermates in weight of all brain sections, they are seen in Table 2 to hiave
less AChE activity per wait of weight. In the cortex, this decrease in activity
among the ECT animals is significant, for the two experiments combined, in ail

regions except the ventral cortex. The visual region, which showed relatively

)




N
ca ey e v Tem o wograd o Te . ey e e BT S A R NN . H S a H.
LRN5C incroascs i \'!CL;-:,si:, LOW SaOWSE UIL JUillion LCLeLCases i & ani ol ':ti\rl._.’.
vy Yo dem T e T ol mesamay el yam g e e ] A P <. A YU e
GOIRDLEALE S WO CHPTrLnENIs, We aclleuse anwuinds e 8. 0,‘, \. A SN PRGN N !

n? -

A SN BN ey peq ey ke YN YUAT LMol - p b WTee L corbua iy
malaing devsal cortek, wiere the greatest ZCT-LE dillerences fn wol it Cozursed,
i LIPS PN

;T sty VYmeaan r Ve
caows dillercnces L ACLL activity less e Lall as large as
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Tae PEI aalawsls, of either cuperiment, Go not differ frorn their 110 litter=
uaics ou any mcasure of ACKE activity cxccix fun Qie visuel cortex.  Ihus o ACLS
activily, as ia brain weight, the rats lving in pairs in an impoverishad caviron-

meat do not didier from the rats lviag fa iscistion i aa lmpoverishe:d cavizoament.
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-

The calmals liviag la colony conditlois had ACAD values that did not dlffer

33

123

gailicautly {xom &iose of thelr SCT lUitermates ia any brala region. Taey dif-

v

iered from e 12 values ouly at the visual corsex (P < 01)

it
pritetaly]

{ the deczeases in ACLE activity of the ECT gwo a\) {a Tabic 2 is

O

sinaller then thie corresponding increase iu tissue welzat in Table 1. Thals means

§1at thie total activity of dic enzyine (the aciivity taken without regard to tissue
welght) is greater in the ECT than in the IE] animals. I some of the brain regions
@ increase in total ACLE activity of the ECT over the 1EI group atiaing statistical
Slgulflcance: remaiainy dorsal coxtex, 5.7% (P <.01); to l"o*ft N, SO {P<,01)

and total brafn, 2,07 (P <.03), The BCT animals cvea mozro consistently sussass




Qioir PLIlittormates in ACLLE activity: visual cexiczx, 4,67 (P<,05) ‘-‘O.AC...L.AC».I\,
-~ ~ .. -y b e Ly - e oy ' ‘.‘:.’ b2 O3
COIWCE, U, r)(,:. \.L‘ <. CS) total COCCJJ\, Lo //U \L P < . VS), ot Of ba-uiﬂ, 2. 8/0 (L <. UJ)‘

2l Draln, 2.8% (2 <.01). ™Mis lacresse in total ACRE activity amacng the

LCT sute over tuat of Geciv impoverlslied littemaates replicates our previcus
dadglags with die 807 aud IC conditions. Thz two lmpoverished groeps (Uving in
B T T D L N T, H - ] . ; T
poivs ox {o lsolation) do aot ciffer sigaliicantly la total ACLE activity except lu

T 1T >

visuel cortex where tie IEI value is 4,37 greater (P <.05).

Clwlinesterase Activity

~

i acsivity pexr ualt of welzhat of the less specific eazyme CLE, the IC

1

1g cxceeded e ITI anlinals o o all cortical regicns,. but none of

aalog

3
g
P
[}
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3

diflercaces was sifuilicant. Total activity of QL in the corten is claaxly

sroater {3 the enrichad tim in clther of twe finpoverished groups, Tae LCT

cublmals exccecd tiely 12 Lttemmates by 11.45] in total CLE activity iz dic visual
coxten (P <,001), by &, 7% i somestctic cortex {P <,01), by 11,24 in remalning

doxsal corten (P < Gu..), Ly 3.8% in ventral coxtex {N.S.), by 7.6% ia total cortex.

{F <.001), and by 2,87 in the total brain (2 <.001), The LOT groups chowex as
large ard as sigalflcaut diilorences in total Cul aotivity fxom the P25 as fiom the

1C1 geoups, and tie impoverizhod groups ¢id not Gifler significantly from cach
cilier on any critical measure of wial CaZ weiivity, Thus the ChE difiercrces
amonyg the cnrichied gooup and the two lmpoverisied groups and betw. oo the indi=
viduaily isolated and e paired isclated givuns follow our other mcasures o3 fax
as pattera is concerned: The enriched group differs from both the lmpoverished
Sroups; tie impoverished giroups do not Giflow Letwveen themselves,
Ratios of Znzyrac Activities
As we lucrease the number of difforent chomical compounds o can analyze

a

‘- PR P, 2 o e Pa N U £ nan oAt T g | 5
i each sample, we alse inerease e numaber of revealing incicators of chemical




ol ».:..A.."A—‘ "-“._; u.'..’... Q..i'f".o. l\,u,.‘. (&
o TN lagle y v PR, T TD oyt o
Gl GUL LS sotivides aliows s © cox Ll ac LVLVI/" o

&JVC». " Cikad

e

o P o~ PTG ey
coca ticsue aect Lnis vatio mcoouse Lo uln-

. P RS L. PR I 1o 1 o o Y e e Yoo m e PR [ e T
RSNV CAUSS W 2 53¢ Y TR N tioh eno TR0 Sl C.UJY AR AT S oI I8
[P iled oul Wi e A 16 kit Coit o f (Tye ysaeirs Al weees D . T et L

S Ch satend duivagin e o W0 i8S vARUR. WO [vEas {6 23 LACA‘J\AL P QO PR A SR W

. Las Y ~
v 2y o Ny B -~ ST A
nmarisca are showa da Talle &
- e -2 .-
by ——h T [ RPN -
FHPIET P aull 9O & 0L “.C*:C.-‘
e - " .-
MmO e WM » £y o ¥ gm wens ea S T
iae ulT anlials oo 2k L Gils measur: Lo aout

ulv& &.13,31 iua ‘46-&&

.

P oy en . T heney - :
sewver, we chicaicnl ratic

oy oyt 4

3 - 1 - sk codm e A, T A .
Sipuiticoant ia all coztica L Gie veatsal cortet, Inthe

pev

1 ety i~ an £ . -.,,. 3
’ubsVAL;/ SCY Giut ¢f © 'vCl e

IS
71

~woma

wian Gk MLl litteraates in Gwese regious: visual coxtex, 6,87 (P <

Ly dorsal conta, S.27) {2 <,01), and total covics:, 8,8%) (P < .01} The only

ViSU lC“’a...C‘.‘-., “:‘. 9:'

e .

-t LY rpren, i P ey ERR T 8T s «?s .
sae &G group did act differ sipnificantly from ie BCT group i

P N X T 2, .'1~ “ - -
L/ACEG ratios show e BCT animals @ be simutfleanst
N e

o
PR ¥

£y

ty
47

50
~Jl~ -s.L.v&

<~
o

Qi

e Ch

WA~

saired diller from e isclated impoveris xcd aninals is the

o

'Y

sato lor any part of e bralu, Dat e 8C greup did aicesd bot the [UI aad the Pl

: cotr 71 ol oL LV TR, % SO T
i each past of the bwaln, and scme of diese differences wera €

.m

si

)

3
PV

~a

s By

[o2evyyng

oy

‘A\‘AA



S 0

oo ;M

C czeccded el by 14,59 €2 <, (1) auqg PE EL by G175 {2 < .oo),

00

- tae semestiictic vegion, SC surpassed IEI by 8. 87 (P <.01)and PZI@by 4, 2%
{2 <, COJ L total corte the ratio of the SC sroup was areater than tat of the

sl group Ly 4485 (<. 08)  On meet cortical measures the Chli/ACAE ratio sct

we greuns iu thic same oxder as the complexity of their experience=-ECT, SC, PUI, . ..
RO
— b

I [l Lany 2o ey ¢o 3 5 » - -.en ' 4O e -y~ .
~aus e Call/AChE ratlo shows somiewhiat larzesr relatlve diflerences Le-

tweex gresns Can e other clieraical measures and reveals e same paticrn emony
greups--tie carichied group differing simificantly from Q\Ju. impoverisicu groups
@1 ost cortical zegions, while the imwoverisied groups differ from each othier in

LW

Heokinase,. which was measured in Experiment 1, did not difh er siguili- -

cuntly amoig the tivee gwroups in activity per unit of welght. In total activity of

b

nenolinase, e ZCT group was simmi icantly greater than both the PEI and IE]

Jrours for all braln regions except veutral cortex, We had previousty found ECL

& cieeed IC Httermales in total hexokinase vily tarougtouwt tic coxtex, and in
Judt thie saine propostion wint tie BECT were supesior in cortical weigie (1), In

-

tae vatlo of iezokinese o ACLE activity, BCT exceeded 1EI signiﬁcan-txy at vicual

ortex (7. 9%, £<.C01). ICT cxceeded PEI zicmificantiy at the vis ual ares
'’

o =
o . ) ateld
aanl R uu..

\CeSshs P <.0l)and ot the rema wining wereal cortex (5,45, 2<,05).

-,

ikl groaps did not cifer simmificantiy y i the hexolinace/ACKE ratio ot any wepicn,

Thus, once more tie SCT animale Ciffer from boh ispoverished grouns, walle

~

i loapoveriched groups o not differ from cach otier
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Table 1

Differences in Weights of Brain Sections, Adrenal Glands

”16 .

and Whole Body between Rats in Three Environments, and those

of Littermates Isolated in Extreme Impoverishment (IBI)

‘(Bxpressed in percentages of the IEI values)

‘ Exper. 1 - Exper. 2 1&2
: ect | pE1?| BCT? PEP| sc® || EcT® | PEI®
Brain N 12 |12 11 | 11| 1 |23 23
Cortex | .
Vis. Sample | 9.3**¢| -3.9|| 5.6 0.3 | 3.3 || 8.8%es -2.1
Som. Sample |~ 4.7** | -2.3| 6.0 |3.6 | 3.6 5.4%* | 0.5
Rem. Dorsal | 10.6** | 2.5|| 8.9%%(3.8 | 4.6 9.8%* | 3.1
Ventral sz | ons|| 0.7 F2.7 |38 || 2.9 -0 6 -
Total (7.6%%%| L0|| 4.8* 0.4 | 0.5 || 6.2%*e | 0,7
Rest of brain 4.0* | -L5| 0.7 |-0.8 |-1.0 || 2.4* | -1.2
Total brain (5.5** | -0.5(| 2.4 [-0.3 |-0.4 || 4.0%** | -0.4
Adrenals 15,5 | -7.6|| -8.0 . |-2.0 -9 [j1L.8* | -4.9
Terminal Body Wt. "2.9" | -4.8/F15.0%%* 7.9*%10.7‘*7 -g.9%++ -6._4*,*
*Pg£.05, **Pg .Oi, **#* P<.001. The Pvalues were determined by Duncan _

multiple range tests after analyses of variance. _

* ECT = Environmental Complexity and 'I‘raining

PEI Paired in Extreme Impoveriehment A

© sC = social Control (Standard Colony)




Table 2

Differences in AChE Activity per Unit of We,ight' :

AT

between Rats in Three Environments and those of Littermates

Isolated in Extreme Impoverishment (IEI)

(Expressed as percentages of the IEI values)

Exper. 2

Exper., 1 ’ 1 &2.'
EcT® | PE°| ECT* | PEI® | sc® | BoT® | PRI
N| 12 12 | 1 u | u 23 | 23
| Cortex o ‘ |
Vis. Sample |-8.2%** | -0.3 || -9,0%** -5.3% | -6,4%% || -g.6%we | 2,77 .
Som. Sample|-2.4 | -L.2 | -1.8 | -l.4 |-2.1 |l-z.1* | -1.3 |
'Rem, Dorsal -3.4* | 0.5 -3.8 2,1 | -3.3 |/-3.6** | -0.8"
Ventral = | 0.4 | -0.1 | -2.4 Lz | Ls -0 0.6
Total |-2.0 0.3 | -3.8* | -0.9 |-1.4 |[|-3.0% | -0.4
‘Rest of Brain -1.4 0.3 || 0.1 0.0 | 0.8 | -0.7 ‘0.1
Total Brain 2.1 |-0.1)-1.6 |-0.4 | 0.1 |-1.9*" | -0.3

*P$.05, **P<.0L, ***P<.001. The Pvalues were determined by

Duncan multiple range tests after analyses of variance.

-2 ECT = Eavironmental Complexity and Training |

b PEI = Paired in Extreme Impoverishment

" © 5C = Social Control (Standard Colony)

by

-
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Table 3
Differences in Ratio of ChE to AChE Activity
b_etweén Rats in Three Environments, and those of
Litterm:;..tes.lsolated in Extreme Impoverishment (IEI)
(Expressed in percentages of the IEI values)
| Exper. 1 Exper. 2 1&2
ect| pEl° || EcT® PE® | sc®| EcT® | PRI®
N| 12 12 1 | '11 23 23
Cortex _ |
Vis. Sample [8.9* | 5.9 ||15.1%% | 4.0 [14.5% | 12.0%%%| 4.9%
Som. Sar'nple 1.7 1.1 | 5.2 | 2.5 | 6.8°* 3.3* | 1.7
Rem. Dorsal 4.0 | -1.4 || 6.7* | 1.8 | 5.5 || s.4% | 0.2
Ventral . |0.0 14|41 | -0.6 1.6 || 22 |03
Toral |25 | 0.4 6.6% | 1.0 | 4.8% || 4.6vee| 07
Rest of Brain 2.2 | -0.6 | 0.8 -0.8 | 0.1 0.8 |-0.7
Total Brain 0. 8 -0.3 || 2.4 - -0.3 | 1.5 ' 0.8 -0.3‘ 3
*PgL.05, **Pg.01, ***P<,001. The P values were determined by

_Dmcan multiple range tests after analyses of variances

% ECT = Environmental Complexity and Training

D pg1 = Paired in Extreme Impoverishment -

® 5C = Social Control (Standard Colony)

-y



Figure
Fig. 1 Cortical weights and acetylcholinesterase activity of
impoverished-environment animals expressed as ratios of the corresponding

values of their enriched-environment littermates. Three independent sets

of experiments are shown: (a) Social Control (SC) vs Environmental Complexity ‘

and Training (ECT), (b) Isolation Conditions (IC) vs ECT, and (c) Isolation in
Extreme Impoverishment (IEI) vs ECT. The number of littermate pairs in
each compariso‘n is given just below the designation of the group. Tb obtain.
each measure, the iratio of each impoverished animal to its enriched litter-
~mate was taken, ,and.then the mean of the group was calculated. Whenever a '
ratio differs significantly from 1.00, the P value of the difference is shown
at the end of the bar. Whenever two adjacent ratios differ significantly from -
each other, the P value is showa on _the arrov.l between the bars. The signi.- :
ficances of differences between the actreme" values (SC/ECT vs IEI/BCT) |

\are not given in the figure, but they exceed , 01 in every case (aeél text).




